INTRODUCTION {#sec1-1}
============

Endoscopic ultrasound with fine-needle aspiration (EUS-FNA) has been a major step forward in tissue sampling in gastroenterology. One of the issues of EUS-FNA is its low negative predictive value (46%--80%), which is a critical parameter when considering the evaluation for malignancy.\[[@ref1]\]

Different strategies have been proposed to achieve improvement in the diagnostic yield of EUS-FNA. The presence of fibrosis and necrosis inside the pancreatic tumors usually requires multiple fine-needle aspiration (FNA) passes (on average 3--6 needle passes) to obtain adequate samples.\[[@ref2]\] The number of passes required is significantly greater in pancreatic masses coexisting with chronic pancreatitis due to the sensitivity of EUS-FNA being lower in these cases (54%--74%).\[[@ref3][@ref4]\]

The presence of a rapid on-site cytopathologist evaluation (ROSE) increases the diagnostic sensitivity of EUS-FNA (for pancreatic masses from 88% to 95%, compared with \<80% in the absence of a cytopathologist).\[[@ref5][@ref6]\]

Compared to standard FNA, the fanning technique has demonstrated a better diagnostic accuracy (96.4% *vs*.76.9%, with 85.7% *vs*. 57.7% diagnostic rate on the first pass), and a lower number of passes are required to achieve diagnosis.\[[@ref7]\] The use of ProCore needles proved no advantage in improving the diagnostic rate.\[[@ref8]\]

Repeated EUS-FNA in inconclusive cases can increase the percentage of correct diagnosis in 61%--84% of patients.\[[@ref9][@ref10][@ref11][@ref12]\]

THE REASONS FOR USING CONTRAST-ENHANCED HARMONIC ENDOSCOPIC ULTRASONOGRAPHY FINE-NEEDLE ASPIRATION {#sec1-2}
==================================================================================================

Contrast-enhanced harmonic endoscopic ultrasonography (CH-EUS) and elastography have been proposed as adjunctive methods for the better targeting of lesions.\[[@ref13][@ref14]\] CH-EUS is a reproducible tool, easy to learn, and with a short learning curve.\[[@ref15]\] It improves the diagnostic yield because 80%--100% of false-negative cases in EUS-FNA are correctly classified by CH-EUS.\[[@ref15][@ref16][@ref17]\] These results suggest that CH-EUS could help to decide between surgery and follow-up when the results of EUS-FNA are inconclusive.\[[@ref15]\] However, we cannot rely only on the vascular aspect of mass to ascertain its nature, so FNA still represents the standard for the discrimination of mass. CH-EUS and EUS-FNA are complementary, not competitive, and are better performed together during the same investigation.\[[@ref18]\]

The benefit of adding CH to EUS-FNA consists of a better identification of the targeted area in pancreatic lesions.\[[@ref2]\] CH-EUS-FNA could decrease the false negative results due to less blood, necrosis, or fibrosis in retrieved samples. Necrosis, vessels, and cystic nonenhanced areas are more easily avoided and the lesion is better delineated with CH-EUS-FNA, so the best area for sampling can be more precisely targeted and with more visibility.\[[@ref2][@ref15][@ref19]\]

CONTRAST HARMONIC-ENDOSCOPIC ULTRASONOGRAPHY EQUIPMENT AND TECHNIQUE {#sec1-3}
====================================================================

It is important to select the appropriate ultrasound machine and echoendoscopes with specific contrast harmonic imaging modes. The signal received by the transducer represents the nonlinear response of the microbubbles and ignores the fundamental signals from the background tissue. Other requirements for obtaining a good image are to set the ultrasound machine appropriately, to use correctly the contrast substance and to position the needle in time for performing the FNA under the contrast phase.

There are two principles of harmonic imaging in endosonography: the dynamic contrast harmonic imaging presents on the Hitachi platform and the extended pure harmonic (ExpH) technique on Aloka platforms; both use a low mechanical index (0.1--0.4) to avoid bubble destruction. The CH-EUS-FNA has been reported only on the second platform until now.

There are two main contrast agents, which are present on the market. SonoVue (Bracco Imaging, Milan, Italy) is made of phospholipid-stabilized microbubbles of sulfur hexafluoride - a poorly soluble gas encountered by a lipid shell. The second - Sonazoid (Daiichi-Sankyo) - is made of perfluorobutane in a lipid shell and produces different signaling intensities and durations.

For SonoVue use, the arterial phase starts 25--30 s after contrast agent injection. After 30 s, the venous phase begins, and after 45 s from the contrast medium injection; the washout phase is seen as slow or fast. The contrast uptake in the lesion is defined as relative to the surrounding parenchyma; it is classified as hypoenhanced when the mass displayed shows less uptake of contrast medium compared to the surrounding parenchyma; in contrast, it is classified as iso- or hyperenhanced when the mass uptake is equal or superior to the surrounding parenchyma. The "fast washout" is defined *in situ* ations when contrast is almost no longer visible inside the target lesion during the venous phase, and "slow washout" when a significant amount of contrast is still visible inside the target lesion during the venous phase.

The dose of SonoVue (4.8 mL or less) required for an optimal view of the contrast depends on the sensitivity of the equipment used, on the type of transducer, and on the organ under investigation. When using higher frequency transducers, a dose of 4.8 mL performs better, as these frequencies are higher than those at which current contrast agents resonate most strongly.\[[@ref19]\] The dynamic range has to be set in terms to image small differences in local contrast concentration.

The ExpH detection mode uses a different low mechanical index: 0.12--0.14 for the Alpha 7 ultrasound device,\[[@ref20]\] 0.28 for the Alpha 10 ultrasound machine with 2.4 mL SonoVue administered\[[@ref21][@ref22]\] or 0.4 for the Alpha 10 ultrasound machine with 4.8 mL SonoVue administered,\[[@ref2]\] and 0.20--0.22 for the Aloka F75 ultrasound machine (personal data). A good setting of the machine, especially the mechanical index and the gain obtained, together with the appropriate dosage of the contrast agents, may prevent the artifacts of the CH-EUS image\[[@ref19]\] and facilitate the correct view of the EUS-FNA needle.

For the Sonazoid use, the mechanical index is 0.3, the arterial phase is longer-90s-, so it allows the entire lesion to be checked carefully before starting the puncture.

The SonoVue contrast agent is rapidly injected intravenously, followed by a 5--20 mL flush of saline.\[[@ref2][@ref20]\] Due to the SonoVue short arterial phase (25--30s) needed for the qualitative evaluation of the lesion, the puncture is usually possible during the late venous phase (45--60 s after injection). The needle is passed in the working channel and positioned in front of the targeted lesion before contrast medium injection.

The targeted area during FNA is different depending on the CH-EUS features. In the case of the hypoenhanced lesion, the needle is advanced into the lesion, targeting the least enhanced part of the lesion but avoiding the nonenhanced part of the lesion suggestive of necrosis.\[[@ref20]\] Furthermore, the inside vessels are avoided. In case of iso- or hyper-enhanced lesions, the nonenhanced area should be avoided as they could represent an area of hemorrhage or necrosis (e.g., neuroendocrine tumors and submucosal neoplasms) \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].\[[@ref2][@ref23]\] In the case of a predominant cystic lesion, the septae or the mural nodules appearing hyerenhanced during arterial phase should be targeted by EUS-FNA \[[Figure 3](#F3){ref-type="fig"}\]. In all situations, the difference of echogenicity between the needle and the surrounding tissue is high.

![The contrast harmonic endoscopic ultrasonography-fine-needle aspiration of a pancreatic lesion (adenocarcinoma). The pancreatic lesion is hypoenhanced compared to the surrounding tissue, with some vessels inside and a central anechoic necrosis. The needle is inserted into the lesion during the late venous phase (Aloka alpha 7 platform)](EUS-6-31-g001){#F1}

![The contrast harmonic endoscopic ultrasonography-fine-needle aspiration of a pancreatic lesion (neuroendocrine tumor). The lesion is hyperenhanced in the arterial phase, with fast washout in the venous phase. There are some remains of contrast inside the lesion during the late venous phase. The needle is inserted into the hyperenhanced region, avoiding the hypoenhanced part situated behind the needle (Aloka F75 platform)](EUS-6-31-g002){#F2}

![The contrast harmonic endoscopic ultrasonography-fine-needle aspiration of a submucosal gastric neoplasm (gastrointestinal stromal tumor). The lesion is hyperenhanced in the arterial phase, with fast washout. The needle is inserted into the lesion during the late venous phase, but very little contrast is still remaining inside (Aloka F75 platform)](EUS-6-31-g003){#F3}

When Sonazoid is used as a contrast agent, which persists more in the microvessels (several minutes), the insertion of the needle may be done after the entire assessment of the lesion under contrast enhancement. After infusion of 0.015 mL/kg of Sonazoid, the area with the widest contrast-enhanced area is identified and then the biopsy is directed toward that area while avoiding unenhanced areas.\[[@ref24]\]

The normal EUS-FNA may be done (back-and-fro or fanning technique), with or without suction; different needles sizes can be used, and ROSE may be applied if possible.\[[@ref24]\]

 {#sec2-1}

### Indications {#sec3-1}

Delineating small tumors, in which the border with the surrounding pancreatic parenchyma is indistinct, enabling biopsy puncture\[[@ref9]\]Increasing the diagnostic rate of EUS-FNA.\[[@ref2][@ref20][@ref24]\]

CONTRAST-ENHANCED HARMONIC ENDOSCOPIC ULTRASONOGRAPHY ORIENTED FINE-NEEDLE ASPIRATION OF PANCREATIC MASSES {#sec1-4}
==========================================================================================================

Kitano reported that the use of Sonazoid gave an Area under the curve (AUC) of 92%; meanwhile, the AUC for EUS-FNA was 96%. The authors found that all ductal carcinomas with false-negative EUS-FNA findings had hypoenhancement, so the combination between the two methods has increased the sensitivity yield of the diagnostic to 100%. They concluded that it is likely that CH-EUS facilitates EUS-FNA of lesions by helping to identify the target tissue submitted to EUS-FNA\[[@ref17]\]In a multicenter study of solid pancreatic mass, the decision of FNA was guided by the hypoenhanced aspect in 26% of cases with a mixed pattern of adenocarcinoma, which turned into a 95% accuracy of EUS-FNA\[[@ref15]\]In cases of cystic pancreatic lesions, the hyperenhanced solid component directed the EUS-FNA in the potential neoplastic area in two intraductal papillary mucinous neoplasma and two neuroendocrine tumors, avoiding the puncture of debris and mucin plugs.\[[@ref21]\]

CONTRAST-ENHANCED HARMONIC ENDOSCOPIC ULTRASONOGRAPHY-GUIDED FINE-NEEDLE ASPIRATION {#sec1-5}
===================================================================================

This was reported for two cases of acinar cell carcinoma and pancreatic metastasis from lung cancer\[[@ref9]\] and for one case of portal thrombosis.\[[@ref25]\] The needle is clearly seen during the procedure, and the necrotic area or vessels are easy to avoid.

This technique was reported in three studies so far.

Afirst study used two arms, a randomized arm and consecutively an EUS-FNA arm with twenty patients for each group. The diagnostic rate was similar - 90% with contrast *versus* 85% without contrast, but the difference was important only for the first pass; this was performed by nonexperienced endosonographers and gave better results for the contrast groups - 60% *versus* 25%. The contrast technique limited the number of passes because 12 of the contrast group required only one pass for the diagnosis.\[[@ref24]\]

A second retrospective study compared the CH-EUS-FNA group of 58 patients with a conventional EUS-FNA group of 105 patients. There were on average 3.7 passes per patient with a 22-G needle for the first group and 3.6 passes per patient for the second group. Cytology and cell blocks were prepared. SonoVue 4.8 mL was used as contrast substance, and tissue cytology was used for assessing the diagnosis. The accuracy was 87.9% in the CH-EUS-FNA group compared to 80% for the conventional EUS-FNA group of patients.\[[@ref2]\]

A third prospective trial, conducted by our group, obtained 86% accuracy for two passes of CH-EUS-FNA compared to 78% for the two passes of EUS-FNA. When the two results were combined, the accuracy increased to 94% with a likelihood negative ratio of only 0.04.\[[@ref20]\]

FACTS {#sec1-6}
=====

 {#sec2-2}

### Feasibility {#sec3-2}

The method is simple and the duration of the procedure is prolonged only a few minutes.

### Reliability {#sec3-3}

All three studies on CH-EUS-FNA proved some superiority of the diagnosis rate by the simultaneous use of CH-EUS and EUS-FNA although the differences were nonsignificant. There are some limitations in these studies. First, none of them were multicenter trials and none of them reached the limit number of about 200 patients to produce a powerful statistical analysis. Second, the randomized study proved that the number of passes can be decreased when contrast CH-EUS is used simultaneously, but more studies are required, and it is too early to predict the future of this method.

### Cost {#sec3-4}

The incremental cost per diagnostic sample was lower than repeating the EUS-FNA.\[[@ref2]\] This is possible with up-to-date equipment which exists in many units, with the price of the vial of SonoVue which is not too high, and with the possibility that half of the vial is enough for one or two passes of FNA. Although CH-EUS-FNA is slightly more expensive and lasts longer, it can be considered cost-effective for EUS-FNA in pancreatic solid tumors.\[[@ref2]\]

### Safety {#sec3-5}

The risk profile is very low: anaphylactoid reactions (0.0002%) and in patients with severe coronary artery disease and pulmonary hypertension.\[[@ref19]\] The complication rate for EUS-FNA is reported as 2.1% (acute pancreatitis, bleeding, and pain)\[[@ref26][@ref27]\] and no complications were reported in the above-mentioned studies with regard to the nonthermal effects induced by the contrast agents.

OPENED QUERIES {#sec1-7}
==============

There are some questions which remain to be answered.

The best ultrasound machine and the best contrast agent. The use of Sonazoid gives the endosonographer more time for inserting the needle after the assessment of the entire lesion under CH-EUS. On the other hand, when SonoVue is used, it is preferable to have the needle inserted in the working channel before the injection of the contrast, and the lesion is targeted during the late venous phase. Then, there is a little contrast in the microvessels and even in the parenchyma (rapid wash-out patients), so the visibility of structures to be avoided during puncture such as the microvessels and necrosis area can be decreased. Better sensitivity of the ultrasound machines extends the duration of useful contrast enhancement\[[@ref19]\]The best area to be targeted depends also on the type of contrast agent used. All the authors consider that it is important to avoid the unenhanced areas suggestive of necrosis.\[[@ref20][@ref24]\] Furthermore, the inflammatory part of the malignant mass or the scirrhous part of the inflammatory mass has to be avoided; by doing so, the rate of insufficient material and the need to repeat EUS-FNA are reduced.\[[@ref2]\] With Sonazoid, the widest contrast-enhanced area is targeted, whereas with SonoVue, the most hypoenhanced area must be targeted although the risk of puncturing areas of dense fibrosis still existsThe number of passes required to obtain a tissue diagnosis depends again on the type of assessment done: cytology, cell blocks, or core -- histologyThe risk for bleeding during puncture under contrast might be increased due to the presence of contrast which may impede the immediate blood coagulation.

CONCLUSION {#sec1-8}
==========

CH-EUS-FNA is easy to perform and safe, with minimum added extra costs. The results are promising, but we will know only in the future its clinical impact and whether the lesion assessment is to be changed.
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